Introduction

1
Habituation is a well-known form of non-associative learning (Thompson and 2 Spencer, 1966) in which reflexive behavioural responses gradually reduce upon 3 repeated stimulation. Habituation is subject to change as has been shown in the siphon 4 withdrawal reflex in Aplysia (Kandel, 2009 ) and the lateral giant (LG)-mediated tailflip 5 of crayfish (Krasne and Woodsmall, 1969; Zucker, 1972; Araki and Nagayama, 2003; 6 Nagayama and Newland, 2011). In crayfish, extero-and proprioceptive information 7 from the tailfan is transmitted to the LGs as excitatory post-synaptic potentials (EPSPs) 8 directly via electrical and chemical synapses from sensory afferents and indirectly 9 through sensory interneurones (Newland et al., 2000) . The LGs are inactivated rapidly 10 upon repeated sensory stimulation. This results in crayfish becoming unresponsive to 11 similar sensory stimuli and reduces the effectiveness of the escape behavior. Habituation 12 is controlled by descending inhibition from brain in intact animals (Shirinyan et al., 13 2006) and using isolated abdominal nerve cords preparations, habituation has also been 14 found to be caused by a decline of chemical transmitter from exteroceptive afferents. 15 Synaptic efficacy recovers readily after several mins (Krasne, 1969) restoring escape 16 behavior to control levels. The excitability of LGs, however, decreases 10 min, or more, 17 delay after habituation and this depression of the LGs is maintained for more than 60 min . 1 In both vertebrates and invertebrates, the establishment of social hierarchy by 2 conflict over living resources has so far been reported to change agonistic and are one of the interesting examples for social status-dependent behavioural plasticity. 7 When a crayfish shows a stationary resting posture, gentle mechanical stimulation to the 8 tailfan evokes an avoidance reaction (Nagayama et al., 1986) . Small crayfish show an 9 escape-like dart response while larger animals show a defensive-like turn response. 10 When two small crayfish are encountered each other, winner-loser relationship is indicate state-dependent modulation of habituation in both vertebrates and invertebrates. 5 One of limited examples is proboscis extension response in honeybees. Hungry bees 6 need more trials for habituation than fed bees (Braun and Bicker, 1992) and this lower 7 degree of habituation is due to higher responsiveness to sucrose than satiated bees 8 (Scheiner, 2004) . In this study, we analyzed whether habituation of LG-mediated tailflip 9 changes depending on social status. (height) cm filled with water to a depth of 10 cm for at least 30 days on a 12h:12h 8 photoperiod. Crayfish that molted within a week before experiments were not used in 9 this study. 10 
Establishment of social hierarchy
11
Experimental trials were carried out in a dimly lit laboratory at a room temperature After 15 min rest following dissection, the spike threshold of LG to sensory critical period for LG depression.
10
Statistic analyses 11 The differences in stimulus number required for LG to habituate were analyzed 12 statistically using a log rank test and a Fisher's exact test (Sigma Plot ver.11). Habituation with a 5 s inter-stimulus interval 6 When the sensory stimulus was applied repeatedly with a 5 s inter-stimulus interval, 7 the response of LG gradually declined until it failed to give rise to a spike (Fig. 1A ). 8 Socially isolated crayfish showed a rapid habituation of LG, with a decrease in firing 9 probability by 50% within four trials of stimulation, and by 75% after 25 trials ( LG firing probability by 50%, while more than 40% still gave rise to a spike after 40 1 1 a spike response. In controls (Fig. 1B) , 37. in dominants (n=25) and 11.9 + 2.2 in subordinates (n=28). There was no significant 13 difference between crayfish that showed habituation in each group using a log-rank test. 14 
Habituation with a 60 s inter-stimulus interval
15
When the sensory stimulus was applied repeatedly with a 60 s inter-stimulus 16 interval, the decrease in the LG response was less rapid ( Fig. 2A) . In the control (filled 17 triangles in Fig. 2A ) and dominant animals (filled circles in Fig. 2A ), the response of Our previous study showed that the spike response of 4 the LGs recovered within several mins of habituation, however they failed to spike 5 when an additional stimulus was applied after specific periods following habituation. 6 This critical period for LG depression, a decrease in the excitability of LG following 7 habituation, was dependent on the inter-stimulus interval of the initial repetitive 8 stimulus. We examined whether social status also caused a change in the LG excitability 9 following habituation. Twenty control, 11 dominant and 17 subordinate crayfish were 10 tested following habituation with a 5 s inter-stimulus interval (Fig. 3A) . 16 subordinate crayfish were also tested following habituation to repeated stimulation and 100 % of dominant animals (n=19). In contrast with control and dominant animals, 3 7 out of 15 subordinate animals gave rise to a spike. LG depression following habituation was prolonged or suppressed in subordinate 7 animals. 8 Next, we compared the process of habituation in both LG-firing and non-firing subordinates (n=8) and 17.2 + 3.6 in LG-firing subordinates (n=9). There were no 14 significant differences between LG firing and non-firing animals in each group or 15 different groups (log-rank test). By contrast, as shown in Figure 3D , the number of trials attacks of dominant animals. In dominant crayfish, the rate of habituation in response to 12 repeated stimulation with a 5 s inter-stimulus interval was also less than control animals.
13
With a 60 s inter-stimulus interval, by contrast, a dominant status had no effect on the Descending inhibition 6 Since we used isolated abdominal nerve cord preparations throughout these 7 experiments, the escape circuits were disconnected from the effect of descending signals 8 from higher centers. Thus, habituation would be mainly caused by a decline in 9 transmitter release from afferents onto LG itself and the interneurones presynaptic to 10 LG ( Descending mediation and modulation of local centers must be revealed from further 7 behavioural and neurophysiological studies. 8 Decrease in excitability of LG following habituation 9 As the inter-stimulus interval of repeated stimulation is shortened, the rate of 10 habituation becomes faster. A decline of transmitter release from sensory afferents to the 11 LG is thought to be essential to generate habituation (Zucker, 1972) LG firing probability plotted as the percentage of animals in which LG fired on a given 
